Mcelsr1 encodes a protein of 3034 amino acids predicted to contain seven membrane spanning domains having homology to a group of peptide hormone binding G-protein coupled receptors. Its extracellular domain comprises epidermal growth factor-like repeats, laminin A G-domains and cadherin repeats. Homologous genes have been identified in C. elegans and D. melanogaster suggesting that the Celsr gene family is ancient. mCelsr1 mRNA expression precedes gastrulation, is subsequently restricted primarily to ectodermal derivatives and is tightly regulated in the developing central nervous system (CNS). We observe segmentally-restricted gene expression in the developing hindbrain and in the spinal cord dynamic dorso-ventrally restricted 'stripes' of expression.
Results and discussion
The full cDNA sequence of mCelsr1 (for Mouse Cadherin, EGF-like, LAG-like and Seven pass Receptor, International Committee on Standardised Nomenclature for Mice, Jackson Laboratory, Bar Harbor, ME) is presented in Fig. 1A ,B. mCelsr1 is a seven-pass transmembrane (7TM) receptor related to the secretin family of G-protein coupled receptors (GCRs) (Kolakowski Jr., 1994; Fig. 1C) . mCelsr1 is most closely related to an 8-member sub-group of this family (legend Fig. 1C ), characterized by large extracellular domains which we propose to call the CHECC subfamily (for Celsr, HE6, EMR1, CD97 and CIRL/LPH) . Homology within the CHECC members includes the 7TM region and extends into a cysteine rich region just N-terminal to TM1. The extracellular domain contains nine cadherin repeats (CR) (Sano et al., 1993) and five EGF-like repeats punctated with two laminin A G-domains (LAG) (Patthy and Nikolics, 1993) . A cysteine-rich region of approximately 260 amino acids immediately N-terminal to the first CR is a feature shared with a divergent cadherin from the sea urchin, G-cadherin (Miller et al., 1997) . Database searches also reveal that C. elegans contains a homologue, ceCelsr, (Fig. 1B,C ) of mCelsr1 (cosmids W07G4 (GenBank accession no. z78018) and F15B9 (GenBank accession no. z78013)), (Fig. 1B) and T. Uemura and T. Usui (Kyoto, Japan, pers. commun.) have recently identified a putative Drosophila Celsr gene.
Using RT-PCR we were unable to detect mCelsr1 in preimplantation stage embryos (data not shown). Expression was first detected at early post-implantation stages (E6 onwards). At around the time of gastrulation mCelsr1 expression was localized to the distal tip of the epiblast ( Fig. 2A) , possibly to the anterior extremity of the primitive streak, in the vicinity of where the node will form. By the late streak/early headfold stage expression spread posteriorly along the midline within the primitive streak (Fig. 2B, C) , with the ventral peri-nodal area expressing highest levels of the gene (Fig. 2D) . By the late headfold/early somite stage (E7.5-8), posteriorly localized mCelsr1 expression persisted, being strongest ventrally in a region running the length of the primitive streak (Fig. 2E ). Diffuse staining was also now apparent anteriorly in the neural plate, possibly coinciding with the rostral extremity of the midbrain (Fig. 2E ) and in a crescent of cells, positioned ventrally, where the prospective gut endoderm will commence invagination (Fig. 2E, arrowheads) . The sharp rostral cut-off persisted until E9 (Fig. 2F,H black arrow-heads) .
By E8.5 a dynamic phase of segmental mCelsr1 expression was seen to commence in the hindbrain, this consisted of a continuous domain of expression encompassing the midbrain and including rhombomere (r) 1, a thin segment spanning part of r3 (white arrowhead), and the entire r5 (black arrowhead). Caudally expression was localized along the length of the neural tube (Fig. 2G) . By E9 hindbrain expression was seen to occupy the entire r3 and r5 (Fig.  2H) . Initially neural tube expression appeared homogenous, but by E9.25 dorsoventrally restricted mediolaterally extending 'stripes' were observed (Fig. 2I-K) . By E10 neural tube expression appeared to be predominantly restricted to the roof plate and weakly in the vicinity of the floor plate, in addition to regions of the brain (Fig. 2L) . By E10.5 expression was observed at the midbrain-hindbrain junction (Fig.  2M) . After midgestation several other sites of mCelsr1 expression outside of the neural tube were noted, (Fig.  2N-R and Hadjantonakis et al., 1997) .
The expression pattern of mCelsr1 is evidently under very tight temporal and spatial control and the protein contains motifs known to mediate protein interactions and a potential G-protein signalling intracellular domain. These features make the Celsr 1 protein a very attractive candidate for playing an important role in cell/cell signalling during development.
Methods
The mCelsr1 transcript in six overlapping cDNA clones was isolated by screening E6.5, E7.5 and two E8.5 mouse embryonic libraries and 5′ RACE from E7.5-E9.5 mRNA all as described previously (Hadjantonakis et al., 1997) . Double strand cDNAs were sequenced using T7 DNA polymerase and GTP or deaza-GTP sequencing kit (Pharmacia).
Whole mount in situ hybridizations were carried out essentially as described previously (Wilkinson, 1992) . (C) Alignments of the predicted 7TM domains and N-terminal cysteine-rich regions within the CHECC family of 7TM receptors HE6. Human epididymisspecific mRNA (Osterhoff et al., 1997); EMR-1, epidermal growth factor module-containing mucin-like receptor (Baud et al., 1995) ; CD97, leukocyte activation antigen (Hamman et al., 1995) ; LPH1, calcium independent a-latrotoxin receptor (CIRL)/latrophilin (Krasnoperov et al., 1997; Lelianova et al., 1997) ; BAI1, representative of the three member brain-specific angiogenesis inhibitor family (BaI1-3) Shiratsuchi et al., 1997) . Shaded boxes, residues identical between a Celsr protein and any other CHECC family member; boxes, residues identical between CHECC family members other than Celsr proteins. 7TM regions are identified by horizontal arrows (I-VII). Asterisks, conserved residues between vertebrate CHECC family and members of Secretin GPCR family. --, alignment optimization. Lateral view of (L) entire CNS from an E10 embryo and (K) anterior half of an E10.5 embryo. At later stages expression is observed in the laryngotracheal groove (arrowhead in N), kidney (ki) and testis (te) (O), and facial primordium (P-R).
